Studies of gapped DNA substrate binding by mammalian DNA polymerase beta. Dependence on 5'-phosphate group.
Purified mammalian DNA polymerase beta (beta-pol) fills short gaps of up to 6 nucleotides by a processive mechanism, and this gap-filling activity requires a PO4 group on the 5'-side of the gap (Singhal, R. K., and Wilson, S. H. (1993) J. Biol. Chem. 268, 15906-15911). To assess details of bimolecular binding between beta-pol and a 5-nucleotide (nt) gapped radiolabeled heteropolymeric DNA substrate, beta-pol.DNA complexes were formed, photochemically cross-linked using UV light, and analyzed by SDS-polyacrylamide gel electrophoresis and autoradiography. A 39-nt template was annealed with two 17-mer oligonucleotides, generating a 5-nt gap. The results indicate that beta-pol binds to both the template and primer strands, and binding is strongly enhanced by a 5'-PO4 on the downstream oligonucleotide, even though little cross-linking is observed to this oligonucleotide. The results suggest that beta-pol recognizes the 5'-side of a long single-stranded gap in DNA, provided it contains a 5'-PO4. Additional beta-pol.DNA binding measurements were performed using a competition assay to assess the ability of heteropolymeric DNA to inhibit synthesis on a homopolymeric template-primer system. The results indicate that in addition to the 5'-PO4, the length of the single-stranded template nucleic acid adjacent to the 5'-PO4 is also important for tight binding. Proteolysis of the cross-linked beta-pol.DNA complex with trypsin resulted in a single radiolabeled tryptic product corresponding to nucleic acid cross-linked to the 8-kDa domain. The results demonstrate that the role of the 8-kDa domain is to direct beta-pol binding to the phosphorylated 5'-position in gapped DNA substrates.